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Table 1  Measured chemical composition of prepared high 

strength aluminum alloy (ω/%) 

Zn Mg Cu Zr Sr Al 

11.54 3.51 2.26 0.24 0.0025 Bal. 
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Fig.1  Photos of alloys before and after deformation processing: 

(a) as-extruded and (b) as-hot-pressed 
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2.1  ������ 

» 2 m>&,*�+ Al-11.54Zn-3.51Mg-2.26Cu- 

0.24Zr }~���~���[\�Ôt.ÕtrsÜ
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sÜ 350 ���+�á-�­®�ns-��Æ%�
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Table 2  Conductivity and hardness of extruded (E) materials and hot-pressed (H) materials 

Heat treatment Conductivity/%IACS Hardness/MPa Heat treatment Conductivity/%IACS Hardness/MPa 

E 27.51 1629 H 24.39 2018 

E-R-250 « 35.08 1573 H-R-250 « 40.94 1086 

E-R-300 « 35.47 1238 H-R-300 « 40.71 1021 

E-R-350 « 30.49 1252 H-R-350 « 36.21 917 

E-R-400 « 25.56 1583 H-R-400 « 31.02 986 

E-R-450 « 22.27 1825 H-R-450 « 24.39 1371 

E-R-470 « 21.41 1907 H-R-470 « 23.07 1391 

E-S-250 « 38.15 1054 H-S-250 « 43.19 1014 

E-S-300 « 35.55 875 H-S-300 « 41.17 853 

E-S-350 « 31.66 1130 H-S-350 « 34.48 997 

E-S-400 « 27.25 1360 H-S-400 « 29.58 1281 

E-S-450 « 22.84 1627 H-S-450 « 22.95 1505 

E-S-470 « 21.93 1862 H-S-470 « 23.82 1526 

a 

b 

1 cm 

1 cm 
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Fig.2  Line diagram of conductivity (a) and hardness (b) of 

extruded and hot-pressed materials changed with heating 

blocking temperature 
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Fig.3  XRD pattern (1), FWHW (2) of the alloy specimens and the integral breadth analysis to calculate the average crystallite size 

and lattice strain (3) from XRD data of extruded (a) and hot-pressed (b) materials 
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Table 3  Microstructural features of extruded and hot-pressed 

materials calculated from XRD data 

Sample d/nm 

1/ 2

2

e /
10

-6

 ρ/
10

14

·m

-2

 σ

ρ

/MPa 

E 82.39 3.61 0.53 39.78 

H 112.45 20.07 2.16 80.30 
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Table 4  Microstructural features of E-R materials calculated 

from XRD data 

Sample d/nm 

1/ 2

2

e /
10

-6

 ρ/
10

14

·m

-2

 σ

ρ

/MPa 

E-R-250 � 77.03 3.61 0.84 50.04 

E-R-300 � 36.42 0 0 0 

E-R-350 � 62.88 0 0 0 

E-R-400 � 74.43 0 0 0 

E-R-450 � 68.47 0 0 0 

E-R-470 � 81.95 0.63 0.09 16.68 
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Table 5  Microstructural features of E-S materials calculated 

from XRD data 

Sample d/nm 

1/ 2

2

e /
10

-6

 ρ/
10

14

·m

-2

 σ

ρ

/MPa 

E-S-250 � 46.54 0 0 0 

E-S-300 � 55.62 1.76 0.38 33.84 

E-S-350 � 98.13 3.03 0.37 33.41 

E-S-400 � 59.03 0 0 0 

E-S-450 � 58.14 0 0 0 

E-S-470 � 109.26 0.22 0.02 8.62 

�����
�� 6� 

����	|�������#$%& 400 �'

(4) 0	}���:;#XY$%& 250 �'��

~����*+�):;#|�S��w�,-�	

<=��?t���� ���@8P9�$%& 450 

�:;<=>/?���*�@+��uY$%<=

01,-�wuP9��E�6-�vw��	��

#E�6�,-��Y>/?��� 

|��:;XY$%& 250Z300Z350Z400Z450Z

470 ��[\]^_`ab6cd��������


�� 7� 

����	 ���XY$%�no��{9	

|��#XY$%'	<=./�01k�tuY$

%vwxX���	*�~��./E�6�%�v
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Table 6  Microstructural features of H-R materials calculated 

from XRD data 

Sample d/nm 

1/ 2

2

e /
10

-6

 ρ/
10

14

·m

-2

 σ

ρ

/MPa 

H-R-250 � 64.19 8.85 1.67 70.59 

H-R-300 � 57.92 6.20 1.30 62.20 

H-R-350 � 66.41 3.22 0.59 41.88 

H-R-400 � 62.12 0 0 0 

H-R-450 � 104.80 2.54 0.29 29.57 

H-R-470 � 96.89 0.94 0.12 18.74 
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Table 7  Microstructural features of H-S materials calculated 

from XRD data 

Sample d/nm 

1/ 2

2

e /
10

-6

 ρ/
10

14

·m

-2

 σ

ρ

/MPa 

H-S-250 � 48.45 4.28 1.07 56.46 

H-S-300 � 78.20 3.70 0.57 41.33 

H-S-350 � 44.66 0 0 0 

H-S-400 � 35.83 0 0 0 

H-S-450 � 65.56 0 0 0 

H-S-470 � 131.68 2.29 0.21 25.06 
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Fig.4  Line diagram of ρ (a) and dislocation strengthening (b) 

changed with heating blocking temperature 
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Fig.5  EBSD crystal orientation maps of aluminum alloy 
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Table 8  Average grain size, high and low angle grain boundary percentage, and average high and low angle grain 

misorientation calculated from EBSD analysis 

<=°> > 1~15°  <15° 

Heat treatment 

L/µm θ/(°)  f

L

 

L

θ

/(°)  f

H

 

H

θ

/(°) 

E 3.735 23.644  0.464 3.742  0.536 40.902 

H 2.434 35.494  0.137 4.629  0.863 40.376 

E-R-470 � 4.595 27.158  0.379 3.887  0.621 41.368 

E-S-300 � 3.733 26.440  0.409 4.666  0.591 41.493 

E-S-470 � 5.442 28.373  0.354 4.628  0.646 41.363 

H-R-470 � 4.232 32.627  0.221 6.618  0.779 39.992 

H-S-300 � 1.987 31.979  0.234 4.505  0.766 40.389 

H-S-470 � 4.133 25.739  0.440 4.661  0.560 42.312 
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Table 9  Dislocation strengthening and grain boundary 

strengthening 

Material σ

ρ

+σ

LAGB

/MPa σ

HAGB

/MPa (σ

ρ

+σ

LAGB

+σ

HAGB

)/MPa 

E 64.18 15.15 79.33 

H 88.68 23.82 112.50 

E-R-470 � 44.94 14.70 59.64 

E-S-300 � 62.64 15.92 78.56 

E-S-470 � 41.27 13.78 55.05 

H-R-470 � 47.38 17.16 64.54 

H-S-300 � 67.79 24.84 92.63 

H-S-470 � 57.75 14.73 72.48 

9������rD��!U Z[\
�����

������X 88.68 MPa��� 47.38 MPa!��a

41.30 MPa89������X 23.82 MPa��� 17.16 

MPa8fgX@~�e�����BC�	�
�!

p/e�� 300 ��!BC�	��a��!�
�

�HIJKn{D�
8 

��������

1) ~�e���!BC���xye�����

�e9��T�z{������!e�� 250 ��

BC����{!�Z[\����9@^[\BC8

BC���xye������z���T����

z{���!BC���h 300� 350 �/��!�

^[\��FZ[\��98 

2) BC
� ��
���x�������

e9¡��!��¢` 300� 450 �/!
� ��


�����$ 08£����¢` 470 �/!¤¥¦

�a
�!^[\he��]���/
�_`�§8 

3) Z[\��HIJK������FG¨b�

�8BCe���� 300 ����HIJK�r��!

e�� 470 ��BC��JKbcz{8e����

^[\�����FG(pj���!Z[\���

��FGd98 

4) Z[\]^[\
������bcde8e

���� 300 ��BC
������������

r��!�9������rDde8e�� 470 �

�BC
�����������¨b��8 
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Microstructure Evolution of Different Initial Deformation Energy Storage 

Super High Strength Aluminum Alloy at Different Heating Rates 

 

Xu Xiaojing, Zhao Jianji, Tan Cheng, Zhang Xiangli, Yang Fan, Zhu Jinxin 

(Jiangsu University, Zhenjiang 212013, China) 

 

Abstract: The effects of different initial energy storage on the microstructure of Al-11.54Zn-3.51Mg-2.26Cu-0.24Zr super high strength 

aluminum alloy at different heating rates were explored by electrical conductivity, hardness, EBSD and XRD analysis. The results show 

that the conductivity first increases and then decreases with the increase in heating blocking temperature, while the hardness first decreases 

and then increases. The dislocation density of the alloy declines to 0 when the annealing temperature is between 300 °C and 450 °C; 

however, the dislocation reappears when the annealing temperature reaches 470 °C. The average grain size of the alloy decreases slightly 

during heating annealing to 300 °C, and it increases significantly when annealed to 470 °C. With the initial deformation energy storage 

improving, the average grain size and low angle grain boundary proportion is reduced, and the dislocation and grain boundary 

strengthening is improved. 

Key words: super high strength aluminum alloy; heating rate; microstructure 
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